Post-transplant lymphoproliferative disorders are life-threatening complications following hematopoietic or solid organ transplantation. They represent a spectrum of mostly EBV-driven lymphoplasmacytic proliferations. While the oncogenic effect of EBV is related to latent infection, lytic infection also has a role in lymphomagenesis. In vitro, EBV replication is linked to plasma cell differentiation and XBP1 activation, although this phenomenon has never been addressed in vivo. We analyzed for the first time latent and lytic intratumoral EBV infection in a series of 35 adult patients with a diagnosis of post-transplant lymphoproliferative disorder (26M/9F, median age 54 years). A complete EBV study was performed including the analysis of the latent EBER, latent membrane protein-11, and EBV nuclear antigens as well as the immediate-early BZLF1/ ZEBRA and early BMRF1/EADE31 lytic genes. XBP1 activation was assessed by nuclear protein expression. EBV infection was observed in 28 (80%) cases being latency II and III the most frequently observed 22 (79%). Intratumoral EBV replication was detected in 17 (60%) cases. Among these, XBP1 activation was observed in 11/12 evaluable cases associated with strong cytoplasmic immunoglobulin expression consistent with plasma cell differentiation. Intriguingly, the combination of latency III infection and EBV replication identified a high-risk subgroup of patients with significantly shorter survival (overall survival at 1 year 18% vs 48%) and early-onset (median of 7 vs 26 months) post-transplant lymphoproliferative disorder. Moreover, these patients appear to be more heavily immunosuppressed, so they exhibit lower rates of rejection and graft vs host disease but higher rates of cytomegalovirus reactivation. In conclusion, EBV replication is associated with plasma cell
Post-transplant lymphoproliferative disorders are life-threatening complications following hematopoietic or solid organ transplantation. They represent a spectrum of mostly EBV-driven lymphoplasmacytic proliferations. While the oncogenic effect of EBV is related to latent infection, lytic infection also has a role in lymphomagenesis. In vitro, EBV replication is linked to plasma cell differentiation and XBP1 activation, although this phenomenon has never been addressed in vivo. We analyzed for the first time latent and lytic intratumoral EBV infection in a series of 35 adult patients with a diagnosis of post-transplant lymphoproliferative disorder (26M/9F, median age 54 years). A complete EBV study was performed including the analysis of the latent EBER, latent membrane protein-11, and EBV nuclear antigens as well as the immediate-early BZLF1/ ZEBRA and early BMRF1/EADE31 lytic genes. XBP1 activation was assessed by nuclear protein expression. EBV infection was observed in 28 (80%) cases being latency II and III the most frequently observed 22 (79%). Intratumoral EBV replication was detected in 17 (60%) cases. Among these, XBP1 activation was observed in 11/12 evaluable cases associated with strong cytoplasmic immunoglobulin expression consistent with plasma cell differentiation. Intriguingly, the combination of latency III infection and EBV replication identified a high-risk subgroup of patients with significantly shorter survival (overall survival at 1 year 18% vs 48%) and early-onset (median of 7 vs 26 months) post-transplant lymphoproliferative disorder. Moreover, these patients appear to be more heavily immunosuppressed, so they exhibit lower rates of rejection and graft vs host disease but higher rates of cytomegalovirus reactivation. In conclusion, EBV replication is associated with plasma cell Post-transplant lymphoproliferative disorders are lymphoid or plasmacytic proliferations that arise in the setting of immunosuppression following hematopoietic stem cell or solid organ transplantation. 1, 2 They represent a clinical and histopathological spectrum of disorders ranging from lesions with an excellent prognosis by reducing immunosuppressive treatments, to an overt aggressive lymphoma that requires immunochemotherapy. 3 Although the incidence of post-transplant lymphoproliferative disorders is rising, probably due to the increasing number of transplant recipients and the longer survival of patients, the studies on series are short and heterogeneous. At present, no reliable morphologic, phenotypic, or genotypic marker has been identified to predict the outcome of patients in terms of response or survival. 4 EBV infection is associated with more than 80% of B cell post-transplant lymphoproliferative disorders. [5] [6] [7] [8] Nevertheless, the assessment of the EBV infection latency program is not consistently done throughout and even EBV status is unknown in up to 30% of the patients in some recently published series. 9, 10 EBV infection drives blastic transformation and uncontrolled proliferation in B cells mediated by constitutive expression of a limited set of latent viral genes, which are all oncogenic. 3, 5 In immunodeficient patients, all latent genes are expressed in a full growth-transforming program often found in these lymphomas, also known as latency III. 7, [11] [12] [13] Besides a latent stage, EBV infection has a lytic or replicative phase, which is characteristic of infectious mononucleosis and hairy oral leukoplakia. Very recently, a role for EBV replication in lymphomagenesis has also been proposed. 3, 14 Following infection with a lytic replication-defective EBV strain, humanized mice developed fewer post-transplant lymphoproliferative disorder-like lymphomas than wild-type EBV-infected mice, 14 highlighting the importance of lytic phase in the development of the disease.
Immediate-early BZLF1/ZEBRA lytic gene expression is induced in vitro, following plasma cell differentiation and activation of the plasma cellassociated transcription factor XBP1. 15, 16 Nuclear XBP1 expression is a reliable marker of XBP1 activation and has been associated with poor prognosis in aggressive B-cell lymphomas, 17 although its role in post-transplant lymphoproliferative disorders has never been addressed before.
Immediate-early BZLF1/ZEBRA and early BMRF1/ EADE31 viral genes initiate the lytic phase and their expression in EBV-infected tumor cells has been used to detect EBV replication in mice and human lymphomas. 14, 18 Both the growth-transforming and the replication programs are highly immunogenic stages of EBV infection that may be only tolerated in deeply immunosuppressed individuals. A systematic study of these different EBV latent and lytic programs in tumor cells has not been performed yet in patients with post-transplant lymphomas.
Reduction of immunosuppressive treatment and antiviral replication therapies are used in the clinical management of patients with post-transplant lymphoproliferative disorders. 4, 9, [18] [19] [20] However, the decision to treat and the type of therapy a patient receives largely rely only on clinical features such as: current dosing, type of allograft, history of rejection, or infections. Thus, the effect of antiviral therapies is very controversial probably due to not considering the amount of intratumoral viral load and the EBV replication stage in the decision to treat a patient. 18 In this study, we analyzed for the first time the role of both latent and lytic intratumoral EBV infection programs in a series of primary samples of post-transplant lymphoproliferative disorders, as well as the importance of plasma cell differentiation through the study of XBP1 in this group of patients.
Materials and methods

Patients and Samples
Thirty-five adult patients (26 males/9 females; median age of 54 years) diagnosed with posttransplant lymphoproliferative disorders at Hospital Clinic between 2000 and 2011 with available tissue biopsies were the subject of this study. Main clinical information was collected including type of transplant, time to lymphoma development, site of involvement, treatment, response, and follow-up. Main clinicobiological characteristics of the 35 patients are summarized in Table 1 .
Cases were reviewed by three pathologists (AM, EC, BG-F) and classified according to the 2008 WHO classification. 1 The study was performed according to the guidelines of the Ethic committee of Hospital Clínic de Barcelona.
Epstein-Barr Virus and Immunophenotypic Studies
Epstein-Barr virus (EBV) was detected using in situ hybridization with EBER probes (INFORM EBER, Roche Diagnostics, Basel, Switzerland). Immunohistochemical studies were also performed for the detection of latency proteins: latent membrane protein-1 (LMP-1) (clone CS1-CS5, Dako, Glostrup, Denmark), EBV nuclear antigen-2 (EBNA-2) (clone EP2, Leica Biosystems, Newcastle, United Kingdom) and lytic genes: BZLF1/ZEBRA (Argene, AZ-69, Varilhes, France) and BMRF1/EADE31(clone G3-E31, Leica Biosystems, Newcastle, United Kingdom) as described elsewhere. 21 The activation of the plasma cell-related transcription factor XBP1s (Xbp-1-M186, Santa Cruz Biotechnology, Santa Cruz, CA) was analyzed as previously described. 17 A cutoff of 30% of nuclear positivity was used to be considered positive.
EBV DNA was isolated from plasma, cerebrospinal fluid or tissue with QIAsymphony Virus/Bacteria Midi kit (Qiagen, Hilden, Germany). EBV quantification was performed with EBV Q-PCR Alert AmpliMIX (Nanogen Advanced Diagnostics, Torino, Italy) and ABI PRISM 7300 platform (PE Applied Biosystems, Foster City, CA). The limit of detection is 10 copies/reaction.
Western Blot
Frozen tumor samples were lysed in a non-denaturing detergent (M-PER and T-PER, Pierce, Rockford, IL) containing protease inhibitors (Complete Mini, Roche) and phosphatase inhibitors (Cocktails 1 and 2, Sigma, Saint Louis, MO) as previously described. 17 Nitrocellulose membranes were incubated with mouse anti BZLF1 (LsBio) and mouse anti-a-actin (Sigma, St Louis, MO) as a loading control. Binding was detected using an enhanced Chemoluminescent Supersignal-FEMTO (Pierce). Visualization and image analysis were performed in a mini LAS-4000 camera system (Fuji Photo Film, Minato-Ku, Tokyo, Japan). Protein quantification was done with Image Gauge Software (Fujifilm, Dü sseldorf, Germany).
Fluorescence 'In Situ' Hybridization MYC (8q24), BCL-2 (18q21), and BCL-6 (3q26) gene status was studied by fluorescence 'in situ' hybridization (FISH) performed on 3-4-mm thick sections of formalin-fixed paraffin-embedded tissues, using dual color-break apart probes (Abbott Molecular, Illinois) as described. 22 
IgH Gene Rearrangements
DNA for the study of IGHV gene rearrangements was extracted from tissue sections using the QIAamp DNA mini kit (Qiagen). Purified DNA was amplified using primers of the Framework Regions 1 and 3 (FR-1 and FR-3) and JH alpha regions of the immunoglobulin heavy chain gene (IgH-PCR), using the BIOMED2 protocol. 23 
Assessment of Response and Outcome
Complete response was defined as the total disappearance of tumor masses and any other detectable clinical evidence of disease and disease-related symptoms for at least 1 month. Partial response was considered when tumor mass or organ infiltration decreased by at least 50% along with the disappearance of disease-related symptoms. Patients not included in these categories and early deaths were considered as non-responders. Disease relapse or progression was defined as the appearance of new symptoms or signs of the disease as demonstrated by lymph node biopsy or other appropriate studies. 24 To consider solid organ rejection or graft vs host disease, along with clinical suspicion, histologic evidence of organ injury was needed. Cytomegalovirus reactivation was considered when any viral load is detected in peripheral blood during posttransplant period.
Statistical Methods
Differences among the subgroups of patients were assessed by using the l 2 test (two-tailed), the Student's t-test or non-parametric tests when necessary. The actuarial survival analysis was performed by the Kaplan-Meier method and log-rank test.
Overall survival was calculated according to standard definitions. 24 Results
EBV Latent Infection in Post-Transplant Lymphoproliferative Disorders: Histological, Molecular, and Genetics Subtypes
After review, 26 cases (74%) were classified as diffuse large B-cell lymphoma, 6 cases (17%) as polymorphic post-transplant lymphoproliferative disorders, 2 cases (6%) as classical Hodgkin lymphoma, and 1 (3%) as plasmacytoma-like lesion. None of the early lesions, neither infectious mononucleosis nor plasma cell hyperplasia, were identified probably due to the fact that those lesions are more frequently found in children, and our series lack pediatric cases with a median age of 54 years old. EBV infection in tumor cells was observed in 28 patients (80%) assessed by strong nuclear expression of small EBV-encoded RNA genes, EBER 1 and 2. According to LMP-1 and EBNA-2 gene expression, the most common latency pattern was latency III observed in 13 patients (46%) followed by latency II in 9 (32%), and latency I in 6 (21%) (Figure 1 ).
All the polymorphic cases were EBV positive and 67% exhibit a latency III pattern of infection. In cases diagnosed as diffuse large B-cell lymphoma, EBV-infected tumor cells were observed in 19/26 cases (73%) with a latency III pattern in 47%. As expected, the two Hodgkin lymphoma cases were also EBV positive with a latency II. The plasmacytoma-like lesion was also EBV positive with a latency I pattern.
Clonality studies were available in 14 patients. Among diffuse large B-cell lymphoma cases, 7/10 showed a monoclonal IgH rearrangement and three of them were EBV positive, with latency III in 67%. Conversely, two of the four polymorphic cases studied were monoclonal and both were EBV positive with latency I and III, respectively.
Cytogenetic studies of MYC, BCL-2, and BCL-6 were done in all cases. Genetic alterations were found in six cases, five of them EBV negative. MYC gains were observed in four EBV-negative diffusely large B-cell lymphomas and one EBV-positive polymorphic post-transplant lymphoproliferative disorder with latency I. This case was the only one with additional genetic alterations such as gains of BCL-6 and BCL-2. An MYC rearrangement was observed only in one EBV-negative diffusely large B-cell lymphoma.
Only 13 cases, 12 following hematopoietic stem cell transplant and one following kidney transplant, were analyzed for donor vs host origin of tumor cells. All of them were of donor origin and all were also EBV þ. Main cytogenetic features are listed in Table 2 .
EBV Replication is Associated with Latency III and Monoclonal Diffusely Large B-cell Lymphoma
EBV replication was assessed by nuclear expression of the immediate-early BZLF1 and early BMRF1 lytic genes. A case was considered positive when more than two positive cells were seen in whole tumor section (Figure 2a) . Although replication was mostly observed in large atypical tumor cells, scattered EBV replication-positive small lymphocytes were observed in three cases. EBV replication was detected in 17/28 tumors (60%) mainly with expression of both lytic genes. Only one case was negative for BZLF1 but positive for BMRF1.This case was considered to harbor intratumoral EBV replication. Western blot for BZLF1 was performed in five cases from available frozen material, three of them highly replicative and two with few positive cells by immunohistochemistry. The results of the western blot study are shown in Figure 2b .
According to intratumoral EBV replication, three groups were considered: the first one formed by patients who had EBV infection associated with EBV replication (EBV þ /R þ ) (n ¼ 17, 49%); the second, included patients with EBV infection without EBV replication (EBV þ /R À ) (n ¼ 11, 31%); and the last with EBV-negative patients (EBV À ) (n ¼ 7, 20%). Main clinicopathological features of these patients according to EBV replication status are listed in Table 3 .
The EBV þ /R þ group encompasses 12 diffuse large B-cell lymphoma cases and five polymorphic ones. Neither the Hodgkin lymphoma cases nor the plasmacytoma were associated with intratumoral EBV replication. Latency III infection pattern was more frequently observed in patients with active replication (11/17, 65% vs 2/11, 18% for EBV þ /R þ and EBV þ /R À cases, respectively, P ¼ 0.017). Interestingly, all 13 cases proved to be of donor origin were EBV positive, 8 with replication.
EBV Replication is Related to XBP1 Activation and Plasma Cell Differentiation
As plasma cell differentiation and EBV replication converges in XBP1 activation, we then analyzed XBP1 expression by immunohistochemistry. Among diffuse large B-cell lymphoma cases, nuclear XBP1 expression was found in 9 of 32 cases studied. Positivity was observed quite homogeneously among tumor cells. In some cases, cytoplasmic expression was also seen. Strong nuclear expression was observed in plasma cells as well as in the small and large lymphocytes with variable degrees of plasma cell differentiation in all five polymorphic cases studied. None of the Hodgkin cases had nuclear XBP1 expression. All of them were EBV positive without intratumoral viral replication. Interestingly, the only case of plasmacytoma-like lesion was strongly positive for XBP1, probably related to a full secretory transformation of tumor cells. This case was EBV positive with latency I without intratumoral replication.
Remarkably, among EBV-positive cases, a strong correlation was found between viral replication and nuclear XBP1 expression (11/12 R þ vs 4/11 R À ; P ¼ 0.005) (Figure 2c ). 
EBV Replication is Associated with Early Post-Transplant Lymphoproliferative Disorder
Twenty-three patients (66%) received solid organ transplantation, including kidney in 11 cases. Most patients (97%) were receiving immunosuppressive therapy at the time of diagnosis. The median interval between transplant and the onset of the lymphoma was 26 months (range 2-252 months). The lapsed time between transplant and the diagnosis was 5 months in hematopoietic stem cell transplantation recipients and 61 months following solid organ transplantation (P ¼ 0.0004). Twelve patients (34%) were diagnosed with early-onset post-transplant lymphoproliferative disorder (o1 year after transplant) and 23 (66%) with late onset. Earlyonset cases were more frequently observed in hematopoietic stem cell transplantation recipients (9/12 vs 3/23 for hematopoietic and solid organ, respectively; P ¼ 0.0005). No significant correlation was found between the time from transplant and EBV serology status, organ rejection or graft vs host disease presence. Reactivation of cytomegalovirus infection was observed in 12 patients (39%), and it was more frequent in patients with an early than late post-transplant lymphomas (7/12 vs 4/20; P ¼ 0.04). Polymorphic cases showed more frequently an early-onset than the other histological subgroups (5/6 vs 7/29; P ¼ 0.0118) whereas in the late-onset group, the most frequent subtype found were the According to the site of involvement, 9 cases were nodal and 26 were extranodal, including gastrointestinal tract (n ¼ 5), liver (n ¼ 4), and central nervous system (CNS) (n ¼ 5). All cases with CNS involvement were EBV positive. The main features of the cases at diagnosis are detailed in Table 1 . Thirteen patients (40%) had disseminated disease, including bone marrow and CNS involvement in six and two patients, respectively.
EBV PCR was positive in peripheral blood in seven patients and in cerebrospinal fluid in six at the moment of the diagnosis. In 77% of these cases, intratumoral EBV replication was observed in the biopsy. In three cases, PCR was negative at the onset of an EBV-positive lymphoma. Two of them did not exhibit intratumoral EBV replication.
Curiously, cytomegalovirus reactivation was more frequently observed in the group of patients who developed a latency III EBV-positive lymphomas with intratumoral replication (7/11 vs 5/21, P ¼ 0.003). This group of patients tend to have a lower incidence of graft vs host disease or solid organ rejection (7/11 vs 14/21, P ¼ 0.0582). The front-line treatment slightly varied over the time and often combined different modalities, but could be summarized as follows: decreased immunosuppressive therapy (90%), rituximab (71%), adriamycincontaining chemotherapy (45%). Eleven patients were treated with others regimens, including radiotherapy, surgery, lymphocytes infusion, and intrathecal methotrexate. No difference was found according to the time of lymphoma onset. Three patients were not treated. Thirteen patients (41%) achieved complete response and four (12%) obtained a partial response whereas 15 patients (47%) were considered non-responders including three early deaths. One of the 13 patients with complete response eventually relapsed at 14 months.
After a median follow-up for surviving patients of 74 months, 26 patients have died with a 1-year overall survival of 38% (95% CI: 22-54.9). One year overall survivals between early and late-onset posttransplant cases were 37% and 39%, respectively. The causes of death were disease progression (n ¼ 19), infection (n ¼ 3), organ rejection (n ¼ 3), and second neoplasia (n ¼ 1). Overall survival according EBV infection and replication are showing a 1-year overall survival of 25%, 45%, and 57% for EBV þ /R þ , EBV þ /R À , and EBV patients, respectively (P ¼ NS) (Figure 3) . Interestingly, the Abbreviations: CMV, cytomegalovirus; DLBCL, diffuse large B-cell lymphoma; EBV, Epstein-Barr virus; GVHD, graft vs host disease; HSCT, hematopoietic stem cell transplantation; OS, overall survival; PTLD, post-transplant lymphoproliferative disorder; R, viral replication; SOT, solid organ transplantation. *Po0.05.
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Epstein-Barr virus replication and post-transplant lymphoproliferative disorders group with latency III infection pattern and intratumoral EBV replication showed significant shorter survival (18% vs 48%, P ¼ 0.041) (Figure 3 ). Nuclear XBP1 expression was also associated with aggressive behavior with a 1-year overall survival of 33% for the XBP1-positive cases vs 87% for the negative ones (P ¼ 0.002).
Discussion
We reported a series of post-transplant lymphoproliferative disorders with extensive EBV investigation which, for the first time, addresses the role of intratumoral viral replication in tissues. EBV has a major role in the development of post-transplant lymphomas, as infected tumor cells are present in the majority of cases. 6 Primary EBV infection often precedes the onset of pediatric cases and EBV seronegativity at the time of transplantation is a major risk factor for the development of posttransplant lymphomas. 25, 26 Moreover, prophylactic antiviral therapies are effective in preventing posttransplant lymphomas, particularly in children, highlighting the role of primary EBV infection or EBV reactivation in their development. 19, 20, 27 During primary EBV infection and EBV reactivation, active viral replication occurs. 28 Viral replication is the hallmark of the lytic phase and EBV replication has an important role in lymphomagenesis. 14, 29 Humanized mice infected with lytically active viral strains (BZLF1 þ ) develop more lymphomas than animals infected with replication-defective strains (BZLF1 À ). 14 Intratumoral replication can be demonstrated by nuclear expression of the lytic genes in tumor cells in tissue sections. Here we showed for the first time intratumoral replication in primary samples of human post-transplant lymphoma cases. We analyzed the expression of two main genes involved in the initiation of the lytic EBV phase: BZLF1 and BMRF1. Lytic gene products are expressed in three consecutive stages: immediate-early, early, and late. Immediate-early lytic gene products act as transactivators, enhancing the expression of later lytic genes. Early products have a wide array of functions, including replication, metabolism, and blockade of antigen processing, while late products tend to code for structural proteins such as viral capsid antigens and gene products used for immune evasion. Immediateearly BZLF1/ZEBRA and early BMRF1/EADE31 lytic genes are expressed in 60% of the EBV-associated lymphoma cases in our series. Interestingly, EBV replication seems to occur mostly in a small fraction of the atypical neoplastic cells, although it is difficult to exclude replication in non-neoplastic intratumoral cells. This phenomenon is also observed in mice, where although the number of lytically infected cells is low, it is important for the development of lymphoma. The low number of viable lytically infected cells is probably related to the fact that lytic EBV infection may become cytocidal in some cells and may sensitize host cells to NK-cell mediated killing. [30] [31] [32] In spite of the origin of viral particles, either from neoplastic or non-neoplastic cells, the presence of viral particles generates a microenvironment that may promote tumor growth as proposed in other EBV-related disorders. The expression of some lytic genes, such as, BZLF1/ZEBRA induces the secretion of IL10 by B cells promoting B cell survival of both neoplastic and non-neoplastic populations. Moreover, host-infected cells may undergo lysis and allow horizontal spread of EBV from cell to cell increasing the pool of latently infected B cells with active oncogenic viral genes. 14 Viral replication in tumor cell may be more relevant to tumor biology. In this sense, two lytic genes BHRF1 and BALF1 are viral Bcl-2 homologs that may promote tumor survival. 33, 34 Plasma cell differentiation initiates viral replication of EBV. XBP1 is a transcription factor that positively regulates the expression of the immediate-early gene BZLF1. 15, 35 XBP1 is involved in normal plasma cell differentiation and is expressed in tumors with plasma cell differentiation. 17 In addition, important B-cell transcription factors repressing plasma cell differentiation have been shown to repress also EBV replication. 36, 37 Curiously most of post-transplant lymphoproliferative disorders exhibit plasma cell differentiation suggesting a connection between these two events in transplant recipients. It is of interest that, as in other aggressive lymphomas, XBP1 activation is related to aggressive disease. 17 Latency is the state of persistent EBV viral infection without active viral production. In contrast to lytic replication, there is a limited expression of EBNAs and LMP gene products during latency. 11 Latency III program, in which all of the latency gene products are expressed, is often detected during acute infectious mononucleosis or in certain immunocompromised individuals. 11, 38, 39 This latency program, also known as growth program, while highly characteristic of immunosuppressed individuals, is only observed in 46% of our EBV-positive cases. This may be explained in part by the tendency to moderate the immunosuppressant regimens in these patients 40 and to the repression of EBNAs during plasma cell differentiation of latency III infected B cells. 5, 16, 41 Latency programs can be disrupted by a variety of cellular activators, resulting in the expression of lytic proteins capable to switch from latency to lytic cycle. Activation of lytic replication or reactivation from latency is the key to the transmission of EBVinfected B cells that are induced to activate their growth program and differentiate into memory B cells via the germinal center reaction. Infected memory B cells are then released into the peripheral blood resulting in detectable levels of virus in the serum. Thus, some authors have used serum PCR to evaluate EBV replication. 3, 42 In our series, a low correlation is observed between PCR in blood and replication analysis in involved organs, similarly to what is observed in other virus that replicates in tissues. 43, 44 In the latent stage, EBV DNA exists as a closed circular episome, replicates once, and only once during S phase, and is equally distributed into daughter cells. 45 In contrast to lytic replication, episomal replication during the latent phase occurs via host DNA polymerase, therefore insensitive to the standard antiviral therapies that targets only viral DNA polymerase. Thus, the assessment of replicative stage of EBV should be performed before deciding any antiviral therapeutic approach in patients with post-transplant lymphomas. [46] [47] [48] The use of antiviral as prophylactic treatment to prevent post-transplant lymphoma development has been proved to be effective in pediatric cases. 19 However, in adults, the results are controversial, probably because most of the adults are already infected at the time of transplant and there is not a standardized protocol to study donor and recipient EBV status before transplant. 20, 49, 50 The gold standard for post-transplant lymphoproliferative disorder treatment is reduction of immunosuppression with encouraging results in early lesions and some polymorphic cases, whereas it is more controversial in monomorphic ones. It is important to enhance that reducing immunosuppression for treating these subset of lymphomas early after hematopoietic stem cell transplantation is usually not useful. These deeply immunosuppressed patients need more time to recover the immune system and also to eradicate malignant cells, although reducing immunosuppression alone have been occasionally successful in the management of patients following hematopoietic stem cell transplantation.
Current treatment guidelines recommend reduction of immunosuppression at diagnosis and some authors suggest sequential treatment with rituximab and CHOP chemotherapy regimen (ciclofosfamide, doxorubicin, vincristine, and prednisone) in nonresponding patients as first-line treatment when reduction of immunosuppression is not effective. 4 Nevertheless, the strength of reduction of immunosuppression is variable and tends to be more severe in patients requiring immunochemotherapy. 4, 9 Intriguingly, rituximab and steroids, which are included in the standard treatment regimen of these patients, are known to be potent inductors of EBV replication in vitro. 46 Moreover, chemotherapy is also shown to reactivate lytic infection rendering tumor cells sensitive to antiviral agents. 51 EBVspecific cytotoxic T-cell therapy has been proven to be useful for the management of EBV post-transplant lymphoma cases even in rituximab-resistant ones, but unfortunately is not widely available. 52 Modern Pathology (2014) 27, 1599-1611
Epstein-Barr virus replication and post-transplant lymphoproliferative disorders
The proteasome inhibitor bortezomib, that interferes with XBP1 activation in plasma cell tumors also induces lytic virus replication in EBV-infected cells and is currently being evaluated in clinic trials of gamma-herpes virus-associated malignancies including post-transplant lymphomas. [53] [54] [55] In our patients, the simultaneous expression of a latency III pattern associated with intratumoral EBV replication seems to detect a subset of heavily immunosuppressed group of patients with lower rates of rejections or graft vs host disease and higher rates of cytomegalovirus reactivations. These patients have significantly lower overall survival rates and shorter time to develop lymphomas. Although it is possible that this poor outcome was due basically to the particular immunodeficiency of those patients, our data suggest that EBV intratumoral replication has an important role in the aggressive behavior of the tumor. Moreover, the combination of important reduction of immunosuppression with specific targeting of viral replication (antiviral drugs) might eliminate the lytically infected tumor cells and prevent the spreading of EBV and its oncogenic genes to uninfected cells.
